Abstract: Dissolved organic carbon (DOC) transported by runoff has been identified as an important role of the global carbon cycle. Despite there being many studies on DOC concentration and flux, but little information is available in semi-arid catchments of the Loess Plateau Region (LPR). The primary goal of this study was to quantify DOC exported from a sequence of runoff events during the concentrated rainfall season. In addition, factors that affect DOC export from a small headwater catchment will be investigated accordingly. Runoff discharge and DOC concentration were monitored at the outlet of the Engineering and scientists can take advantage of the derived results to better develop advanced field monitoring work. In addition, release of DOC runoff can take quantified during hydrological and biogeochemical processes within catchments in LPR.
To measure the temporal dynamics of DOC, a monitoring station was deployed at the outlet of the Yangjuangou catchment to 115 sample runoff water and monitor discharge. The station was equipped with an ISCO 6712 (Lincoln, NE, USA) peristaltic pump for collecting water samples during a runoff process induced by rainfall events. High-frequency monitoring was carried out in a rainfall event based hydrological process, thus the ISCO was set to acquire samples every 10 min from the first 12 runoff samples and another 12 were sampled every 30 min. The equipment was programmed to monitor runoff discharge by capturing the runoff flow rate. The auto-sampler collects a runoff sample with a volume of 200 ml. The auto-sampler ceased sampling 120 work after 24 samples were collected. Then, the experimenter poured the runoff water into high-density polyethylene bottles that were prewashed with ultra-pure water. The auto-sampler continued to monitor the hydrological process and sample runoff for the next rainfall event. A meteorological station was installed in the center of the catchment, which was away from high trees. It was used to continuously monitor the rainfall characteristics, air temperature, and soil moisture throughout the study period. Rainfall and air temperature were measured every 30 min. The volumetric soil moisture content at 20 cm depth of forestland was 125 measured every 30 min, which accounts for a large proportion of land use. In addition, the aim of hydrological and meteorological factor monitoring was to characterize the temporal changes and represent the catchment conditions (Blaen et al., 2017) . Because these factors drive the hydrological and carbon biogeochemical processes in the catchment, these monitoring works may offer another perspective for understanding the runoff and DOC export process within an individual or continuous temporal variation between rainfall events.
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Laboratory Analysis
In the Yangjuangou catchment, researchers resided in the field observatory station and treated the samples immediately after a rainfall event to ensure that the DOC in the sampled water did not microbiologically biodegrade (Kieber et al., 2002; Willey et al., 2000) . Therefore, 200 ml of the collected runoff water sample was immediately filtered through a 0.45μm membrane into high-density polyethylene bottles and stored in a cooler (4℃) at the field station. Then, the samples were transported to the State
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Key Laboratory of Urban and Regional Ecology in Beijing for the following analysis. The DOC concentrations were determined by Vario (Elementar, Germany), which included a high-temperature combustion furnace, a self-contained acidification module and a highly sensitive CO 2 detector. Prior to measurement, the instrument should dosed 125 ml of 1% H 3 PO 4 solution (phosphoric acid) in the acidification module, and validation was then conducted by analyzing various concentrations of a standard solution to achieve accurate results. Ultra-pure water was also tested every 50 samples as a blank to ensure the quality 140 of the results.
Data Analysis
In the present study, the DOC concentration in a runoff event was the flow-weighted mean concentration. The calculation of the flow-weighted mean concentration and flux were defined in the following equations:
(1)
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(2) where, Qi (mm) is the discharge corresponding to each sample; Ci (mg L -1 ) is the DOC concentration in an individual runoff sample; n is the number of runoff samples in a runoff event or in a month and Flux (kg km -2 ) is the loading flux of DOC in a rainfall event or the monthly measurement for in the study region; and, s is the catchment area (km 2 ). To better understand DOC concentrations and fluxes from a catchment, specific hydrological and meteorological variables were selected. For instance, rainfall and soil moisture content may be related to hydrological connectivity in a runoff event, while soil moisture and temperature conditions impact on soil organic carbon content through biological processes (Blaen et al., 2017; Cooper et al., 2007; Soulsby et al., 2003) . These variables are Q (total discharge volume a rainfall); RA (total rainfall amount in a rainfall event); R1, R7 and R14 (total rainfall amount in the 1, 7 and 14 days before the current rainfall event, respectively); SMC-7 and SMC-14 (soil moisture content in the 7and 14 days before the current rainfall event); T air -7 and T air -14 (mean air temperature in 
Results
Rainfall and Discharge in the Study Catchment
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Rainfall is the main driving force of hydrological process in a catchment. It is also an important factor affecting the carbon biogeochemical process, which results in substantial temporal changes in the concentration and flux of DOC export from a catchment. Figure 2- (Table 1 ). In particular, there was no runoff in the catchment, due to the higher temperature, evapotranspiration and lower rainfall amount in early July. The higher runoff discharge is caused by continuous heavy rainfall. For instance, the cumulative rainfall amount was 91.8 mm and the mean daily discharge flow was 4.05 L s -1 from 18-19 July. Similarly, from 15-16 August and 9-10 September, the cumulative rainfall amounts were 45.8 and 28.6 mm. Therefore, the runoff discharge increased rapidly
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with short duration and violent rainfall. In addition, the evapotranspiration of vegetation decreased as the temperature decreased, and the crops were harvested in the dam field in the late September. The concentrated rainfall season was the source of effective replenishment of the soil water in the dam field. Therefore, runoff discharge still showed a trend of gradually increase slowly with less rainfall occurring during this period. The monthly runoff discharge to rainfall amount ratios were varied from 5.6 % (July) to 31.2 % (August). On average, the discharge to rainfall ratio was 17.2 % in the study period of June to September. In 185 general, runoff discharge tended to follow the pattern of rainfall amount in the study catchment.
DOC Concentrations in Runoff Discharges
Hydrol. Earth Syst. Sci. Discuss. Indeed, the mean DOC concentration was not substantially different during the study period. The relationship between daily discharge and event-based DOC concentration for sampled rainfall events is shown in Figure 4 -a. DOC concentrations exhibited a poor relationship with daily discharge for the Yangjuangou catchment. In addition, the DOC concentration was a more variable
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and had low runoff discharge compared to the high runoff discharge period, which is typically observed during consecutive rainfall events with high rainfall amount. These results showed that different runoff discharge conditions may affect DOC concentration.
Dynamic Changes of DOC Concentrations in a Rainfall Event
To examine the relationship between DOC concentration and runoff discharge in the hydrological process, four rainfall events in A hysteresis analysis was used to examine the dynamic changes of the DOC concentration response to a hydrological process, which has been applied to investigate the temporal variation in concentration export for a catchment. Figure 6 shows that the DOC concentrations varied in the rising and falling hydrograph during four selected rainfall events (7 June, 13 July, 2
anti-clock wise (7 June) and figure of eight (2 August). As shown in Figure 6 -a, the DOC concentrations were higher during the falling limb than during the rising limb of the hydrograph, thus resulting in an anti-clock wise pattern. The delayed maximum DOC concentration may be attributed to longer runoff flushing upstream, with increased hydrological connectivity induced by longer rainfall duration. Thus, it leads to a relatively higher DOC concentration during the falling period. increase in the DOC concentration. The relationships between concentrations in monthly and event-based processes highlighted that the DOC export behavior was different in a complete hydrological process or intra-events.
DOC Fluxes from Catchment
A rainfall event-based monitoring method is helpful to better understand the hydrological, DOC concentration and flux process.
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The rainfall event based on DOC flux ranged from 0.08 to 2.81 kg km -2 with a mean DOC flux of 0.43 kg km -2 for all sampled rainfall events from June to September 2016. The relationship between event-based DOC flux and runoff discharge amount is shown in Figure 3 -b. The DOC flux showed a positive linear relationship with the runoff discharge amount for all sampled rainfall events. However, the DOC flux was more variable in lower runoff discharge conditions. For the monthly DOC flux, the total DOC loading from the catchment ranged from 94.73 kg km -2 in August to 110.17 kg km -2 in September (Table 1) . Although 235 the total runoff discharge was lowest in June in these four months, the DOC monthly flux was 102.39 kg km -2 and had a higher flow-weighted DOC concentration (11.52 mg L -1 ). However, the DOC flux was higher in September, with an increased runoff discharge and a lower flow-weighted DOC concentration. The larger runoff discharge amount may offset the effects of lower DOC concentrations. These results showed that variation in DOC flux during sequential rainfall events induced hydrological processes in the concentrated rainfall season. Thus, it highlights the complexity of the DOC loading process, which may be 240 influenced by rainfall, hydrological and carbon biogeochemical processes.
Discussion
Relationship between Rainfall and DOC Export
It has been known that hydrological and carbon processes are important aspects of the regional carbon cycle and for restoring ecosystem service. However, the DOC exported from a catchment in the LRP has rarely been studied. In this study, we uses an
Factors Influence on DOC Export from a Catchment in Semi-arid Region
The mechanisms of DOC export from terrestrial ecosystems may be complicated and depend on many factors, such as soil organic carbon, vegetation, rainfall, hydrological condition and sampling period (Blaen et al., 2017; Cooper et al., 2007; Ma et 290 al., 2018) . Comparatively few previous studies have investigated how changes in hydrological factors and rainfall affect on DOC export. For instance, a current rainfall event leads to changes in a hydrological process, and it may also simultaneously change soil moisture content, which may influence the soil carbon biogeochemical process. For the next rainfall event, the antecedent conditions, such as hydrological conditions and the soil organic carbon content, may also influence the DOC concentration and flux. In general, antecedent conditions drive DOC export through exerting influences on availability of DOC and impacts on 295 hydrologic connectivity (Brocca et al., 2010; McMillan et al., 2018) . Therefore, DOC export from a catchment during rainfall events was the result of carbon biogeochemical processes, and the antecedent hydrological and rainfall characteristics. In this study, temporal variations of rainfall, air temperature and soil moisture content were continuously monitored throughout the study period to provide detailed information describing the antecedent and current conditions. Table 2 showed the correlation between DOC concentration/flux and a set of factors in all sampled rainfall events during 300 the study period. The event-based DOC concentrations were positively correlated with rainfall amount (RA) and R7. These results suggest that the combination of the current rainfall amount and the accumulated rainfall before a current rainfall event are
important. The influence of R7 may reflect the antecedent hydrological condition that impacted runoff generation and connectivity in a rainfall event rather than the direct influence on DOC concentration. However, event-based DOC concentrations were extreme significantly and negatively correlated with SMC7 and SMC14. A previous study by Yang et al.
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(2018) in the LPR found that rainfall recharge into soil had a rainfall threshold value. The soil moisture content was continuously dried and then effectively rewetted under a specific rainfall amount, as supported by the soil moisture variations shown in Figure   2 -c. Given variation pattern of soil moisture content during studied period, the relationship between DOC concentration and the dry-wet cycle of soil moisture was shown in Figure 8 . The higher DOC concentrations from June to middle July coincided with light rainfall and low discharge. This is probably attributed to inactive microbial activity, caused by the relatively lower soil 310 moisture (Jager et al., 2009 ). The DOC concentration decreased with increased soil moisture content, particularly in July 18 with a total rainfall amount of 56.4 mm. On one hand, violent rainfall events may induce a higher discharge, causing a dilution effects on DOC concentration. On the other hand, the rainfall water may effectively replenish soil moisture content, and thus stimulate a higher decomposition of soil carbon under wet and higher temperature condition. Then, the relative decreased DOC concentrations were observed in a drying soil moisture condition for the next rainfall events, which may attribute to an 315 exhaustion of DOC (Laudon et al., 2004) . These findings were similar to previous studies by Tunaley et al. (2017) , who reported a strong influence of dry antecedent conditions on DOC export response to rainfall event. For event-based DOC fluxes, DOC flux was significantly and positively correlated with Q, RA, R1 and R7. The Q and RA reflect the direct effect of current rainfall and hydrological processes during a rainfall event, while R1 and R7 refer to the antecedent rainfall conditions and reflect indirect effects on DOC export. These results agreed with previous studies demonstrated by Blaen et al. (2017) , who noted that 320 antecedent conditions and rainfall were key drivers of DOC export during a rainfall event. Cooper et al. (2007) also concluded that DOC export is largely governed by interactions between hydrological and meteorological factors and carbon biogeochemical process. Since the DOC export process is complicated, the influence of the selected factors, including current and antecedent conditions, is intuitive to some extent. Therefore, prediction of DOC concentration induced by rainfall is complicated to establish.
Given that our results were based on rainfall event date and collected during a concentrated rainfall season in a small catchment,
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this process requires further investigation regarding soil organic carbon changes under intra rainfall events and dry-rewetting conditions on DOC release from soil into runoff during different rainfall events in the LPR.
Conclusion
The DOC concentration and flux for individual rainfall events from a semi-arid catchment of the LPR was initially monitored during the concentrated rainfall season. DOC concentration showed a weak correlation with discharge, except in higher runoff 330 discharge induced by extreme rainfall events. DOC flux increased with runoff discharge and showed a positive linear correlation with runoff discharges. These results showed that higher DOC export with low DOC concentration related to higher discharge and its dilution effects, in turn caused by larger rainfall amount. The diluted DOC concentration induced by increased discharges contributed slightly to difference in DOC flux, due to total runoff discharge is a major variable for flux. The findings of this study indicate that DOC concentrations were highly variable, particularly during low runoff discharge periods. The detailed 335 monitoring method used to capture multiple factors, including runoff discharge, rainfall, DOC concentration, soil moisture and temperature through the concentrated rainfall season, facilitates a better understanding of the dynamic DOC export process in a rainfall event. Hysteresis analysis showed that the relationship between DOC concentration and runoff discharge for a rainfall event is nonlinear and varied with conditions in rainfall amount, discharge process, and monitoring time. These results showed that the DOC response to rainfall is related to hydrological conditions (Q and RA) and antecedent conditions (R1, R7 and SMC). 
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(June-September, 2016). Table 2 Summary of correlation coefficients between DOC concentration/flux and a set of factors. 465 Figure 7 The relationship between rainfall amount and discharges during monitoring period. 
